The prevalence of prehospital delay The patient's chance of survival is significantly higher if treatment is begun within the so-called "golden hour" after the onset of symptoms (e3, e9) , but few patients actually reach the hospital within this period. In three large-scale studies (2) (3) (4) , only 22% to 44% of patients arrived at a hospital within two hours of the onset of symptoms. According to data collected in the Augsburg (southern Germany) Myocardial Infarction Registry (e10), 40% of patients with acute myocardial infarction have a prehospital time longer than four hours; even if a six-hour criterion is used, 25% to 33% of patients still arrive at the hospital too late. The percentage of patients arriving more than 12 hours after the onset of symptoms has remained between 10% and 20% (1-6, e5-e11) .
International studies have shown that a very wide range of prehospital times (a few minutes to several days) is a ubiquitous phenomenon (2) (3) (4) (7) (8) (9) (10) (11) . The mean PHT in Germany is now 192 minutes (9) .
The PHT in the United States, the United Kingdom, and Germany is much too high, but it is even higher in Asian countries: as reported by McKinley et al. (12) , the median PHT is 3.5 hours (1.2 to 15.2 hours) in the USA and 2.5 hours (1.5 to 8.7 hours) in the United Kingdom, but 4.4 hours (1.8 to 13.3 hours) in South Korea and 4.5 hours (2.0 to 16.3 hours) in Japan.
Trends in prehospital delay times
The MITRAplus registry, which contains data on over 30 000 patients and accurately reflects the delivery of care in Germany, has shown a significant prolongation of the median prehospital time from 166 minutes in 1994 to 192 minutes in 2002 (9) . The multicenter ARIC study in the USA, with data on 18 928 patients (7) , showed that the PHT became no shorter over the observation period from 1987 to 2000, but the percentage of patients who called the emergency medical services increased significantly. The American NRMI-2 myocardial infarction registry, with data on 364 131 patients, also showed no change in median PHT from 1994 PHT from to 1997 . A similar result was obtained in the Worcester Heart Attack Study (3) , which showed no improvement in the time from symptom onset to treatment in the city of Worcester, Massachusetts, from 1986 to 1997. Quite the reverse: the percentage of patients with a PHT exceeding six hours grew over this period from about 18% to more than 22% (figure 2).
Social and demographic factors
Age -With the exception of only a few studies including small numbers of patients (13, 14) , most published studies show a significant association of older age with longer PHT; the median figure is approximately 0.5 hours (2, 3, 7-10, 15, e11, e12) . Sex -Studies on potential sex differences in the perception of symptoms of acute myocardial infarction have revealed little in the way of significant differences. Data from the Augsburg Myocardial Infarction Registry (e10) on 486 women and 1436 men showed no difference in the frequency of typical chest pain, but a significantly higher frequency of nausea, dyspnea, and fear of death among women. Cold sweats were common in both sexes without any significant difference in frequency between them, though the study of Goldberg et al. (e13) arrived at a different conclusion. A possible effect of
The temporal window between the onset of symptoms and the beginning of treatment in acute myocardial infarction M E D I C I N E patient sex and symptoms on the PHT has been studied to date only by Meischke et al. (e14) : although sex differences were found in the frequency of three different symptoms (women had cold sweats less frequently, but nausea and dyspnea more frequently), it was only the more frequent sweating among men that led to a shortening of the prehospital delay.
Nonetheless, most studies conclude that the PHT is significantly longer among women than among men (1-10, 15, e15) . There are some indications that the difference has become smaller over the years (7) . Moreover, it seems that a greater delay is often caused by the first physician contacted rather than by the patient herself (1, 7, e8) . Moser et al. (16) found that age has only a minor influence on PHT in men, but a major one in women: women over age 55 had a PHT that was more than twice as long as that of younger women. Social status -Smaller-scale studies (i.e., studies with fewer than 200 patients) have revealed no differences in PHT depending on social status (16, 17, e8) , but larger studies indicate that patients with lower incomes (6, 14, e16) or with lower educational attainments (4, 7, 14, 18) have a longer PHT.
Clinical parameters and risk factors
Severity -Patients in cardiogenic shock after cardiac arrest arrive at the hospital sooner than others (2, 6, 15, 19, e15, e17) . For these patients, the acute medical situation is so dramatic as to leave no room for subjective ambivalence. On the other hand, severity parameters such as the size of the infarct (15) , enzyme values (13), ejection fraction, the number of occluded arteries (20) , and the vital signs (16) do not seem to affect the PHT significantly.
Hypertension is associated with a longer PHT (2-5, 7, 8, 10) , with a median of 2.2 hours as compared to 2.0 hours in normotensive patients (3) . Three studies with smaller case numbers revealed no significant difference (1, 14, 21) . One reason for this may be a less sensitive perception of pain in patients with hypertension as a risk factor for myocardial infarction (e18). Diabetes -With a few exceptions (1, 14, 21) , most studies have indicated that diabetes significantly predicts a longer PHT (2) (3) (4) (6) (7) (8) (9) . This may be due to the suppression of pain by diabetic neuropathy (e19). Smoking -In three larger studies involving more than 2000 patients each (2, 4, 9) , smokers had significantly shorter prehospital times than non-smokers. The reason for this is perhaps that the risk of myocardial infarction among smokers has been well publicized by the media (9) .
The potential influence of body-mass index, hypercholesterolemia, and physical activity on prehospital times has only been investigated in the GREECS study (4) ; no significant effect was found for any of these factors.
Pre-existing heart disease Angina pectoris -Patients with a prior history of angina pectoris tend to have a longer prehospital time (2, 3, 6, 19) . Apparently, these patients have more difficulty identifying and attaching the proper significance to the chest pain of myocardial infarction. The ARIC study (7), however, found no effect of angina pectoris on the PHT, and the NRMI-2 study (8) and that of Kentsch et al. (18) even found that patients with prior angina pectoris arrived at the hospital earlier than others. Previous myocardial infarction -Though one might imagine that patients who have previously sustained a myocardial infarction would arrive at the hospital more quickly in the event of reinfarction, this is by no means necessarily the case. The MITRAplus study (9) and a Swedish study with more than 2000 patients (10) showed no difference in PHT between patients with a first infarction and patients with a reinfarction. In the first study period of the Worcester Heart Attack Study (1986) (1987) (1988) (1989) (1990) , patients with reinfarctions actually took longer to get to a hospital (odds ratio 1.6 for a more than six-hour delay, as compared to patients with a first infarction) (22) . A Danish study came to the conclusion that patients with a reinfarction have a markedly shorter PHT, while patients with a previous mechanical revascularization procedure interpreted their symptoms correctly but nevertheless had significantly longer decision times (1) . Previous revascularization or bypass operation -In most studies, these patients were found to arrive at the hospital sooner than others (2-4, 5-8, 15) , perhaps because of the sensitization of their families and treating physicians by the previous events.
Contextual influences
Time of occurrence -Many studies have found no difference in PHT due to the time of day or the day of the week (11, 20-22, e20, e21) , while others have found a shorter PHT at night (6, 19) or, alternatively, a longer PHT at night or on the weekend (2, 5, 9, e22) . Contact with family physician -Well under half of all patients call the emergency medical services first (5, 11, e23-e25) ; instead, many first contact their family physician. This prolongs the prehospital time (median, 120 minutes, compared to 74 minutes) (11, e23, e26, e27) (box 1). Home environment -Consultation of non-physicians for advice markedly prolongs the prehospital delay (18, 23) ; patients who do so have an odds ratio of 2.06 to 2.34 for a delay greater than one hour (11) . Most patients ask their spouse for advice and 21% even speak with their children before calling a physician (e24). On the other hand, it may provide some degree of comfort to the patient to have someone else call the emergency medical team. A delegation of responsibility may be especially helpful when the patient's symptoms do not correspond to his or her own conception of a heart attack (17, e22) .
According to some studies, patients who experience their first symptoms while at home tend to arrive at the hospital with a greater delay than others (1, 24, e16, e26) . Other studies, however, have shown no difference (14, 16, 20, e20, e21) . The presence of other persons seems not to influence the prehospital time (12, 13, 16, 20, 24, e16, e20, e21, e28) . Patients that try to suppress their warning symptoms by self-medication or selfdistraction (23, e24) have a roughly threefold elevation of relative risk for arriving late at the hospital (18) .
The acute perception of symptoms
Pain pattern -Chest pain is the most common symptom of myocardial infarction, with a frequency of 80% to 95% (21, 24, e13, e28) . Patients with the classic sudden, unexpected, and severe chest pain are the most likely to arrive at the hospital in good time (23) . Radiating pain also shortens the PHT (17) . The intensity of the pain has no significant effect on the PHT (1, 12, 16, 20, e16, e29, e30) . The intensity of anginal pain was positively correlated with a shorter PHT only in the studies of Horne (17), Rawles (25) , and Dracup (14) . Symptoms -Vague symptoms and non-specific complaints are significant predictors of a delay in the patient's decision time. Sweating occurs in about 65% to 75% of cases (24, e28) and tends to shorten the PHT (2, 14, 18, e18, e31) . Excessive sweating after relatively mild physical exertion is likely to be interpreted as unusual and thus as a possible sign of serious illness (e31). Symptoms such as nausea and heartburn, which arise in 45% to 52% of patients (17, e28) , lengthen the PHT (14, 24, e31) . Shortness of breath, which arises in about 28% to 59% of patients (17, 21, e28) , is an alarming symptom but is often misinterpreted and thus tends to prolong the PHT (2, 14, e20) . Previous knowledge -The patient's knowledge of the main symptoms of myocardial infarction, including atypical ones such as sweating, nausea, or dyspnea, leads to a shorter prehospital delay (12, 23, e20) , though not in all studies (14, 24) . Dracup et al. (14) found that the patient's knowledge of the possibilities for treatment shortened the PHT, but Ottesen et al. (1) found that knowledge about thrombolytic treatment made no difference to the PHT. The patient's own interpretation of the symptomsThe patient's ability to interpret the symptoms correctly decisively determines his or her behavior. Patients who attribute their symptoms to a cardiac problem seek help more quickly (1, 13, 14, 16, 18, 20, 24, e30-e32) . Only two smaller studies arrived at a different conclusion (e20, e28) (box 2).
The complexity of interpretive behavior was made especially clear by Kentsch et al. (18) in their study of 739 patients with acute myocardial infarction. 44% of patients who realized that they were having a heart attack and were aware, at the same time, that heart attacks can be fatal, nonetheless took more than an hour to call for medical help. In a multivariate model, the following attitudes were found to contribute to these patients' delay in deciding to seek medical attention: "I wanted to wait and see first"; "I didn't take the symptoms
BOX 1
Subjective reasons why some patients inform the family physician first about their medical emergency (myocardial infarction) > > The patient does not feel ill enough to call the emergency medical services (e24, e25) > > The patient believes the family physician is "on his or her side" (e22) > > The patient desires the family physician's permission to call the emergency medical services (e22) > > The patient believes calling the family physician first is the right thing to do, so that the family physician can then notify the emergency medical services (e22)
BOX 2
Delays caused by erroneous interpretation of symptoms S So om me e p pa at ti ie en nt ts s h ha av ve e s sy ym mp pt to om ms s o of f m my yo oc ca ar rd di ia al l i in nf fa ar rc ct ti io on n, , b bu ut t f fa ai il l t to o r re ea ac ct t a ap pp pr ro op pr ri ia at te el ly y, , b be ec ca au us se e t th he ey y: :
> > do not consider the symptoms to be serious (e16, 18, 20, e23 ) > > have a "mismatch between symptom expectations and experience" (17) > > choose to wait and see whether the symptoms improve (12, 14, e16, 18, e23, e24, e26 ) > > do not want to be a burden on anyone (14, e16, 18, e22, e26, e48 ) > > find it unpleasant or embarrassing to seek medical help (12, 14, e16, 20, e22 ) > > ignore the symptoms for emotional reasons (18, e22) > > fear the consequences of obtaining help (e16, e48) M E D I C I N E seriously"; "I didn't want to trouble anyone"; "The symptoms got better"; consumption of analgesics. Fear of death -35% of women and 20% of men experience the fear of death (a sensation of impending doom) during the acute infarction phase (11) . In the study of Whitehead et al. (e33) , 32.6% of women and 18.4% of men reported having experienced considerable worry and fear of death. Fear during the acute event significantly shortens the prehospital delay (16, 20, e28, e29) .
Psychological factors
The psychological paradigms that would seem to have the greatest potential relevance to PHT are the concepts of denial and related types of operationalization, such as alexithymia (difficulty perceiving and expressing one's own feelings). Here, too, the findings are inconsistent: O'Carroll et al. (e30) found no effect of alexithymia on the prehospital delay, while Kenyon et al. (13) found that it significantly prolonged the prehospital delay. Prolongation has likewise been found to result from a hyperactive behavior style (type A behavior) (19) and from a fatalistic attitude to one's own health (e30) .
In the study of Bunde and Martin (e31) , which included 433 patients, a depressive mood was found to contribute significantly to a prolonged decision time. The only items that differed significantly between timely arrivers and latecomers had to do with fatigue, sleep disturbances, and exhaustion; thus, the correlation between depression and prehospital delay might reflect a difficulty mustering the energy required to call for help.
Opportunities for prevention
Most people know little about heart attacks. Many know that chest pain is an important symptom, but few can correctly name more than two further symptoms (e34). Thus, a number of studies have sought to answer the question whether prehospital delays might be shortened by public education in the media, public events, and special training. According to a review of ten studies on the influence of such efforts on the PHT (e35), four studies showed significantly shorter prehospital times than before the intervention (e36-e38), while six revealed no change (e39-e44), among them the REACT study (e43) (n = 20 364), which was carried out from 1995 to 1997 in 20 American cities. Although persons living in the target areas of the public information campaigns were demonstrably better informed about the subject afterward, the PHT in the target areas was not shortened significantly in comparison to control areas. On the other hand, the previous fear that false-positive selfreferrals to the hospital would become more common after such information campaigns, thereby incurring higher costs, was not substantiated (e39).
Discussion
On both the national and the international level, the prehospital time (PHT) is the most important factor leading to a temporal delay in the initiation of treatment for acute myocardial infarction. The studies that have been performed to date show that the most important factors influencing the PHT are the sex and age of the patient and the patient's misinterpretation of the symptoms. Empirical data on the effect of psychological mechanisms and coping strategies remain scarce at present.
One cannot yet draw a clear risk profile for "latecomers" that would be of use in everyday clinical practice and in patient education. There is still no theoretically well-founded and empirically confirmed basis for understanding patients' decisional behavior thus predicting their actions. There is a consensus, however, that general knowledge about the typical symptoms of heart attack is a necessary foundation of prevention but still does not suffice to prepare patients adequately for an acute crisis (e17).
In the future, the psychosocial and economic conditions of the population will have to be considered more closely, patients at high risk will have to receive greater individual attention, and more sex-specific patient education will have to be provided (e45) . Preventive action will have to be tailored more specifically to the groups that are most at risk. It would be desirable to develop predictive algorithms for decisional behavior in groups with well-defined identifying features (e.g., age < 60; female sex; anxiousavoidant behavior style), so that individualized prevention strategies could be offered ( figure 3) .
A further opportunity to identify patients at risk seems to be provided by observation of the prodromal phase of acute myocardial infarction. In the days preceding the acute event, many patients suffer increased irritability, depressive mood, unexplained fatigue, or anxiety (e46, e47) . Physicians consulted because of such symptoms should think of the possibility of an impending myocardial infarction and take the corresponding steps to inform the patient about what to do in case this happens.
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